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Gray wolves (Canis lupus) prey on all ungulate species present within their 
distributional range, including domestic ungulates (Young and Goldman 
1944; Mech 1970; Meriggi and Lovari 1996). Soon after the introduction 
of domestic livestock to North America, producers began to experience 
wolf depredation (Young and Goldman 1944). As you have read in Chap- 
ter 1 of this volume, depredation can have a great impact on individual 
ranchers who suffer losses, and creates severe animosity toward wolves, es- 
pecially in rural agricultural areas (Mech 1995, 1998). In addition to do- 
mestic herbivores, wolves will also kill domestic pets (e.g., hunting dogs, 
livestock guardian dogs, and other pets; Fritts and Paul 1989; Kojola and 
Kuittinen 2002; Treves et al. 2002), creating an additional source of con- 
flict between wolves and people. Understanding the factors that influence 
depredation allows us to consider alternative approaches for managing 
depredation risk while encouraging wolf conservation. 

Historically, wolves were reviled in many areas of North America largely 
because of wolf-livestock conflicts, and were persecuted by people as a nui- 
sance or pest animal (Young and Goldman 1944; Cluff and Murray 1995). 
Organized killing of wolves in response to conflicts resulted in their extir- 
pation from most of the lower forty-eight states, with the exception of a 
wolf population occupying northern Minnesota, at the border with Canada 
(Mech 1970). In Canada, wolves were extirpated from predominant agri- 
cultural areas in the prairie provinces by the early 1900s (Gunson 1992; 
Hayes and Gunson 1995). Until the 1970s, when the last wolves were 
killed legally, wolves were repeatedly extirpated from agricultural areas in 
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western North America where recolonization otherwise might have been 
possible (Fischer 1995). The attitudes and conflicts that existed during the 
extirpation period are persistent today and can impede wolf recovery. 

In this chapter we review conflicts of livestock depredation, compensa- 
tion, and depredation management for Alberta, Idaho, Montana, and 
Wyoming, and relevant aspects of wolf recovery, conservation, and legal 
status. We analyzed depredation data compiled by state and federal agen- 
cies over the last twenty years (1982 to 1996 for Canada, 1987 to 2002 for 
the United States), during which time the wolf was classified as endangered 
in the U.S. portion of the study area. 



Background 

In 1973, wolf protection in the lower forty-eight states was embodied in 
legislation under the Endangered Species Act (ESA) (USFWS 1973). 
Since then, wolf conservation has received increasing support in North 
America (Kellert et al. 1996). Proponents of wolf conservation cite evi- 
dence of the pivotal role that wolves play in natural ecosystems (Noss et al. 
1996; Weaver et al. 1996; Ripple et al. 2001; Hebblewhite et al. 2002; Je- 
drzejewski et al. 2002). Some sectors of the public advocate complete pro- 
tection for ethical reasons (Enck and Brown 2002; Williams et al. 2002), 
while others continue energetic opposition to wolf conservation and recov- 
ery (Lohr et al. 1996). Muth and Jamison (2000) explain the motivations 
for complete protection of wildlife, sensu animal rights, which include "ur- 
ban perceptions of nature," "popularized interpretations of science," "an- 
thropomorphism," and "egalitarianism." Antiwolf sentiments are more 
strongly held by rural residents in the United States and Canada than by 
the general public (Bath 1987; Duda et al. 1998; Kellert 1999), reflecting 
concerns about competition with wolves for large herbivore game species, 
and real and perceived threats to livestock production (Boyd et al. 1994; 
Breitenmoser 1998). 

The wolf is not considered threatened in Canada because the species, 
although virtually extirpated from agricultural regions in south-central 
Canada, has continually occupied much of the remainder of its original 
range in northern Canada (Hayes and Gunson 1995; Committee on the 
Status of Endangered Wildlife in Canada 2002). In southern Canada, con- 
flicts with wolves persist, and livestock producers continue to see wolves as 
a nuisance to livestock production. Ranchers, trappers, and government 
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authorities commonly kill wolves to manage depredation (Bjorge and 

Gunson 1985; Gunson 1992). 

In the mid-1980s, wolves dispersing from Canada began to recolonize 
northern Montana (Ream et al. 1989; Forbes and Boyd 1997). Manage- 
ment authorities believed that a combination of natural dispersal and rein- 
troduction efforts was needed to establish a viable population in the north- 
western United States (Bangs and Fritts 1996). Subsequently, in 1995 and 
1996, wildlife officials translocated a number of Canadian wolves into the 
Greater Yellowstone Area (GYA) and central Idaho (Bangs and Fritts 
1996; Bangs et al. 1998). Since then, wolves originating from these popula- 
tions have expanded into adjacent regions of Idaho, Montana, and 
Wyoming and now number around 650 individuals (Bangs et al. 1998; 
USFWS et al. 2003). These recovering populations have come into in- 
creasing conflict with livestock operations in the United States (Bangs et al. 
1998; USFWS 2003). In addition, there is ongoing conflict in Alberta, 
where wolf populations have persisted in areas where cattle ranching is a 
predominant industry (Gunson 1992; Musiani et al. 2003). 

In April 2003, the U.S. Fish and Wildlife Service downlisted the wolf 
from "endangered" to "threatened" under the ESA (USFWS 2003). The 
reason for downlisting was the improved status and partial recovery of wolf 
populations in portions of the United States owing to restoration efforts 
(Bangs et al. 1998). In the northwestern United States, downlisting affected 
only the northwestern Montana population, as the Yellowstone and Idaho 
populations were initially classified "experimental, nonessential" (a legal 
status that allows lethal control of depredating individuals); that classifica- 
tion will be retained for the foreseeable future. However, wolf management 
may not change significandy as government use of lethal control of wolves 
has been equal to or greater than in the experimental population. 
Landowners may now also be issued permits to kill wolves if their livestock 
is threatened (USFWS 2003). Currently, government officials have the au- 
thority to shoot depredating wolves. 

Compensation programs are in place to improve tolerance of wolves by 
livestock producers. The Alberta Conservation Association, a nongovern- 
mental organization (NGO) funded primarily from the province's hunters 
and anglers, provides funding to the provincial government, which admin- 
isters the Alberta compensation program (Alberta Conservation Associa- 
tion 2002). In Idaho, Montana, and Wyoming, compensation is provided 
by a nongovernmental organization, the Defenders of Wildlife (Defenders 
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of Wildlife 2003). As of January 1999, Defenders of Wildlife also began 
funding proactive depredation management measures. Other antidepreda- 
tion measures currendy employed in the study area include killing or relo- 
cation, aversive conditioning, and monitoring the behavior of offending 
wolves (USFWS et al. 2003). 

Depredation Patterns in the Western U.S. and Canada 

Effective management of wolf-livestock conflict requires an accurate under- 
standing of the spatial and seasonal patterns of depredation. Our research 
aims to answer those questions. 

Study Area 

The case study area consisted of the northwestern U.S. states of Idaho, 
Montana, and Wyoming, and the Canadian province of Alberta (Figure 
3.1). This area includes boreal forest, which is prevalent in northern Alber- 
ta. Portions of the study area are occupied by temperate steppe, character- 
ized by agricultural lands and grasslands interspersed with stands ofPopu- 
lus spp., with occasional patches of willow (Salix spp.). Other portions of 
the study area encompass the Rocky Mountains, with typical closed to open 
forests of white and black spruce (Picea spp.), subalpine fir (Abies lasio- 
carpa), lodgepole pine (Pinus contorta), trembling aspen (Populus tremu- 
loides), balsam poplar (P. balsamifera), and white birch (Betulapapyrifera). 

Several natural prey species are abundant in parts of the study area, in- 
cluding bison (Bison bison), moose (Alces alces), elk (Cervus elaphus), 
white-tailed deer (Odocoileus virginianus), mule deer (Odocoileus hemi- 
onus), bighorn sheep (Ovis canadensis), and pronghorn antelope (Antilo- 
capra americana). Domestic animals, particularly livestock such as cattle, 
sheep, and horses, are also abundant. Livestock production is an important 
economic activity on private and public grazing lands. 

The region contains both developed areas (towns, agricultural lands, 
and managed forests) and undeveloped areas (national forests, wilderness 
areas, and national parks, including Wood Buffalo, Banff/Jasper, Water- 
ton/Glacier, and Yellowstone) (Gunson 1992; Bangs and Fritts 1996). 

Methods 

We analyzed complaints about wolf depredation on domestic animals in 
Alberta, Canada, for the period April 1982-April 1996. Alberta Sustain- 
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FIGURE 3.1 Study area, including the province of Alberta, Canada, and the northwest- 
ern U.S. states of Idaho, Montana, and Wyoming. Light gray denotes ranges for the stud- 
ied wolf populations. Dark gray denotes national parks. 



able Resource Development and Community Development, Government 
of Alberta, compiled complaint data. Data included instances of: (a) do- 
mestic animals that were harassed, killed, or injured by wolves as con- 
firmed by government officials; and (b) wolves killed by government au- 
thorities engaged in depredation management. The Alberta database 
included only information on the occurrences of livestock depredations, 
with little additional data, but it specified the total number of wolves killed 
by government authorities in response to these complaints. 

We compared Canadian data with those for Wyoming, Idaho, and Mon- 
tana. The U.S. Fish and Wildlife Service (USFWS) and the USDA 
Wildlife Services (WS) investigate all depredation complaints. If upon in- 
vestigation wildlife officials are able to confirm the wolf depredation, then 
nonlethal, lethal, or a combination of wolf control measures may be imple- 
mented under the direction of USFWS (Bangs and Fritts 1996; USFWS 
etal.2003). 

We compiled data on compensated depredation events originally 
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collected by the USFWS and Defenders of Wildlife from January 1987 to 
December 2002. In addition to the type of information that was available 
for Canada, the U.S. database also specified the total number of (a) domes- 
tic animals of various age groups that were killed or injured by wolves, and 
(b) wolves killed or relocated by government authorities. 

Using criteria agreed on by the USFWS and WS (Defenders of Wildlife 
2003; USFWS et al. 2003), and definitions provided by USDA Wildlife 
Services, we classified depredation events as "confirmed" (when unequiv- 
ocal physical evidence was consistent with a wolf attack); "probable" 
(when available information was consistent with a wolf attack and wolf 
depredation had been previously confirmed in the area); or "possible" 
(when insufficient evidence was available to determine the cause of death 
or injury). Only confirmed events for wolf depredation on domestic ani- 
mals were included in our analyses. We also obtained information on pay- 
ments sent to ranchers who had a confirmed or probable loss. Data on the 
U.S. wolf population were autumn/winter estimates made by the USFWS 
(USFWS et al. 2003). Depredation data for the United States did not in- 
clude information on domestic animals harassed by wolves. 

Our data represented a minimum estimate for the number of domestic 
animals killed or injured and for wolves killed. Remains of domestic ani- 
mals killed by wolves may not be found, or may be found after decomposi- 
tion or scavenging by other animals. In such cases, assessment of the cause 
of death is not possible. These detection problems may be particularly rel- 
evant in remote areas where livestock are grazed on open ranges (Musiani 
et al. 2003; Oakleaf et al. 2003). 

In Canada or the United States, ranchers are not required to report 
depredation unless they file a compensation claim for damage. In the Unit- 
ed States, all confirmed losses from wolf depredation may be compensated 
(Wagner et al. 1997). In contrast, losses in Alberta are refunded only for 
relatively common livestock species, including cattle, sheep, hog, goat, and 
bison (Alberta Conservation Association 2002). As a consequence, the in- 
formation available on other livestock (e.g., horse, llama, and alpaca) may 
be scarce. 

Another important difference between Canadian and U.S. data sets is 
the number of wolf deaths that are reported. In the lower forty-eight states, 
all wolves killed must be reported in accordance with the Endangered 
Species Act (USFWS 2003). In Alberta, wolves may be legally killed by 
hunters (reporting was not required prior to 2000) and registered trappers 
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(reporting required). Landowners may kill wolves without restriction, any- 
where on or within 8 km of their property (Gunson 1992). 

Analysis 

We ran statistical analysis using the Kolmogorov-Smirnov test with refer- 
ence to Lilliefors's probabilities (Sokal and Rohlf 2000) to determine 
whether the U.S. data on wolf population size, domestic animals killed and 
injured, compensation costs, and wolves killed were normally distributed. 
For normally distributed data, we used analysis of variance (ANOVA) and 
least-squares simple linear regression to test correlation among yearly 
numbers. We analyzed separately the period 1987-1994 (natural recolo- 
nization period, with wolves present in northwestern Montana only) and 
the period 1995-2002 (recovery period, with wolves present in Idaho, 
Montana, and Wyoming). 

We evaluated monthly and seasonal trends for both Canadian and 
American wolf depredation data. In our analysis, we treated each com- 
plaint as a single incident, regardless of the numbers of domestic animals 
affected. To reveal whether depredation events varied by month, we used a 
Friedman test. We used the Wilcoxon test to evaluate significant increases 
or decreases from month to month. The latter method allowed us to identi- 
fy depredation seasons — that is, periods during which depredation occur- 
rences did not change significantly. We used Mann-Whitney U and 
Kruskal-Wallis tests to compare average seasonal depredation occurrences 
pairwise and among more than two seasons, respectively (Sokal and Rohlf 
2000). All computations were conducted using Statistical Package for the 
Social Sciences (SPSS Version 10.0). The significance cutoff was p - 0.05 
for all tests. 



Results 

Wolf numbers slowly increased in the naturally recolonized area in north- 
western Montana between 1987 and 1994 (Figure 3.2a), though the popu- 
lation has undergone temporary declines and long periods of stagnation. 
The number of domestic animals killed and injured by wolves did not in- 
crease during this period (p - 0.45), nor did the numbers of domestic ani- 
mals killed and injured show any relationship with wolf population size 
during the period {p = 0.78). On the other hand, a strong relationship was 
detected between numbers of domestic animals killed and injured by 
wolves and numbers of wolves killed by people (Figure 3.2b). 
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FIGURE 3 • 2 Trends in wolf population size, domestic animals killed, and injured by 
wolves, compensation costs, and wolves killed by government authorities in northwestern 
Montana from 1987 to 1994 (panel a). Relationship between the number of domestic ani- 
mals killed and injured by wolves and wolves killed. Simple linear regression 95% confi- 
dence intervals are provided {panel b). 
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Throughout the area in which wolves were reestablished in Idaho, 
Montana, and Wyoming, wolf numbers increased from 1995 to 2002 in a 
nearly linear fashion (see Figure 3.3a). In this region, the number of do- 
mestic animals killed and injured also did not increase during the period 
{ft = 0.125), nor were such depredations linked to yearly wolf population 
sizes (ft = 0.162) (see Figure 3.3a). Likewise, numbers of domestic animals 
killed and injured by wolves were strongly related to numbers of wolves 
killed by people (see Figure 3.3b). 

In Canada and the United States, a similar proportion (13% for each 
country) of submitted compensation claims were for domestic animals in- 
jured by wolves. In Alberta, from 1982 to 1996, wolves killed cattle on 756 
occasions, dogs on 77 occasions, and sheep on 61 occasions. Wolves also 
reportedly killed horses and other domestic animal species on 40 and 87 
occasions, respectively. In Idaho, Montana, and Wyoming, from 1987 to 
2002, wolves killed catde on 164 occasions (125 attacks on calves, 19 on 
yearlings, and 20 on adults); sheep on 88 occasions (55 attacks on adults 
and 33 on lambs); and dogs on 27 occasions. 

Sheep were killed more often in the United States than in Alberta (31% 
versus 6% of all occurrences). Sheep represented 69% of all animals killed 
by wolves in the United States (data on numbers of animals depredated 
were not available for Canada). Similarly, 68% of animals injured in the 
United States were sheep. Calves clearly constituted the majority of U.S. 
cattle killed or injured by wolves (80%; Table 3.1). The Canadian database 
included figures for domestic animals harassed by wolves and showed that 
cattle were harassed on 288 occasions, dogs on 85 occasions, and all other 
species on 74 occasions (see Table 3.1). 

We have no data on compensation trends for the Canadian portion of 
the study area, but throughout Idaho, Montana, and Wyoming (1987 to 
2002), annual compensation payments were significandy related to the 
numbers of domestic animals killed and injured by wolves, with payments 
increasing from 1987 to 2002 (see Figures 3.2 and 3.3). Our data demon- 
strated that the number of wolves killed in management control actions was 
also consistendy related to the number of domestic animals killed or in- 
jured by wolves (see Figures 3.2 and 3.3). Thus, our findings indicate that 
the damage compensation and lethal wolf control are primarily used in re- 
sponse to wolf depredation. 

Wolf depredation on livestock appears to follow a seasonal pattern. 
From 1987 to 2002, in Idaho, Montana, and Wyoming, occurrence of 
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FIGURE 3-3 Trends in wolf population size, domestic animals killed and injured by 
wolves, compensation costs, and wolves killed by government authorities in Idaho, Mon- 
tana, and Wyoming from 1995 to 2002 (after wolf reintroductions) (panel a). Relationship 
between the number of domestic animals killed and injured by wolves and wolves killed. 
Simple linear regression 95% confidence intervals are provided [panel b). 
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TABLE 3.1 

The number of occurrences and number of individuals (in 

parentheses) harassed, injured, or killed by wolves in Alberta, Canada 

(top section), or in Idaho, Montana, and Wyoming, USA (bottom 

section). Wolves refer to the number of wolf control actions and the 

number of individual wolves killed in the two areas. 



Alberta 


Harassment 






1982-1996 


Events 


Injury Events 


Kill Events 


Cattle 


288 


170 


756 


Dogs 


85 


25 


77 


Sheep 


5 


4 


61 


Horses 


31 


13 


40 


Chickens 


5 




19 


Goats 






13 


Bison 


5 




9 


Geese 


1 




4 


Turkeys 






3 


Other 


27 


4 


39 


Total 


447 


216 


1021 


Wolves 






246 (795) 


Idaho, Montana, and 


Harassment 


Injury Events 


Kill Events 


Wyoming: 1987-2002 


Events 


(no. injured) 


(no. killed) 


Cattle 








Calves 




10 (4) 


125(178) 


Yearlings 




4(11) 


19 (24) 


Adults 




4 (5) 


20 (25) 


Sheep 








Lambs 






33 (302) 


Adults 




9(63) 


55 (300) 


Dogs 




8 (9) 


27 (38) 


Horses 






1 (3) 


Total 




35 (92) 


280 (870) 


Wolves 






62 (108) 



depredation events varied significandy by month. Our data revealed signif- 
icant increases in number of depredations from February to March and sig- 
nificant decreases from October to November (Figure 3.4). Depredation 
occurrences did not change significandy in two uniform seasons lasting 
from March to October and from November to February, respecdvely. 
More depredadons occurred between March and October than between 
November and February. Thus, we could idendfy a two-season pattern in 
the occurrence of depredations in the United States, which is comprised of 
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FIGURE 3-4 Monthly occurrences of wolf depredation on domestic animals in Idaho, 
Montana, and Wyoming from 1987 to 2002. Hatching indicates low or medium-high 
depredation seasons (horizontal and vertical lines, respectively). 



a "low depredation season" (November to February) and a "medium-high 
depredation season" (March to October) (see Figure 3.4). 

In Alberta, depredation occurrences also varied by month (Figure 3.5). 
Our data revealed decreases in depredations from January to February; in- 
creases from April to May; and decreases again from September to October 
(see Figure 3.5). Fewer depredations occurred between February and April 
than between May and September. The period from October to January 
had fewer depredations than May to September, but more than February to 
April. Thus, we identified a three-season pattern in the occurrence of 
depredations in Canada, which is comprised of a distinctive "medium 
depredation season" (October to January), a "low depredation season" 
(February to April), and a "high depredation season" (May to September). 

Discussion 

The expansion of the wolf population since reintroductions in Yellowstone 
National Park and central Idaho without a related increase in the number 
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FIGURE 3-5 Monthly occurrences of wolf depredation on domestic animals in Alberta, 
Canada from 1982 to 1996. Hatching indicates low, medium, or high depredation seasons 
(horizontal, diagonal and vertical lines respectively). 



of domestic animals killed or injured is contrary to initial predictions 
(Bangs et al. 1998; Musiani et al. 2003). In fact, in recent years there was no 
significant relationship between numbers of wolves present and the num- 
ber of domestic animals killed or injured by wolves. A potential explana- 
tion for the slower increase in the number of domestic animals depredated 
is that lethal control of problem wolves (sensu Linnell et al. 1999) by gov- 
ernment authorities eliminated individuals or packs from the population 
that had "learned" to take livestock. Potential repeat offenders may be se- 
lected against, and these offenders may not have the opportunity to teach 
their offspring or other pack members how to kill livestock, thus reducing 
further depredations. This would require livestock depredation to be a 
learned behavior that can be retained by individuals and propagated 
among wolves in a pack or population. 

Linnell et al. 1999 argued against the idea of problem individuals exist- 
ing in predator populations. Further research is urgently needed to test 
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whether learning and propagation are possible in wolves. A second, nonex- 
clusive possibility is that there is a limited number of areas where environ- 
mental conditions predispose livestock to depredation. This proposition 
requires study of the biophysical factors that contribute to livestock depre- 
dation at the landscape level (see approach by Mech 1998). 

The higher proportion of attacks on sheep in the United States com- 
pared with Alberta is likely related to the differential availability of sheep. 
In Alberta, there are few sheep operations in proximity to wolf range 
(Musiani et al. 2003), whereas in the United States many sheep operations 
are within wolf range, particularly in Idaho and Wyoming (Bangs et al. 
1998). The high prevalence of calves recorded is in agreement with previ- 
ous studies showing that wolves disproportionately select younger cattle 
(Bjorge and Gunson 1985; Fritts et al. 1992; Oakleaf et al. 2003). There 
may also be spatial and temporal variability in the availability and vulnera- 
bility of young cattle that we could not infer from the available data. 

The effects of harassment on livestock are poorly understood. Harass- 
ment may cause reduced weight gain, such as observed for white-tailed 
deer (Berger et al. 2001), though an extensive study in Salmon, Idaho, on 
cattle raised with a high degree of persistent wolf predation did not find 
any significant weight loss (Oakleaf et al. 2003). Our results on cattle ha- 
rassed by wolves in Canada reflect the prevalence of catde among domestic 
animals present. The harassment of dogs may reflect that wolves and dogs 
are closely related species (Leonard et al. 2002) and thus interact aggres- 
sively toward each other (Coppinger and Coppinger 1995). 

In the U.S. portion of the study area, it is possible that increasing collab- 
oration between government, NGOs, and ranchers is improving animal 
husbandry practices and reducing the number of domestic animals depre- 
dated. Some ranchers are actively participating in wolf depredation man- 
agement by monitoring wolf movements close to farms and relocating live- 
stock herds when wolves are present (Defenders of Wildlife 2003). Similar 
cooperation may also be developing in Canada, where a few experiments 
with nonlethal methods have occurred (see Musiani et al. 2003). Alterna- 
tively, the combination of lethal and nonlethal management approaches 
currently in place in the United States (e.g., killing and relocation of of- 
fending wolves, compensation, aversive conditioning, fencing, rancher ed- 
ucation, etc.) may be limiting the impact of depredation through complex 
interactions involving multiple factors. In short, we cannot specifically 
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identify which individual approach,*^ combination of techniques, is most 
important in mitigating depredation risk. 

Seasonal Depredation Patterns 

In Idaho, Montana, and Wyoming the grazing period typically lasts from 
May to October (Oakleaf et al. 2003). Although this could explain in- 
creased depredation during May to October, it fails to explain the spike in 
March, the beginning of the medium-high depredation season. One possi- 
ble explanation is that calving often occurs during midspring (Cole 1966). 
The magnitude of wolf depredation on calves (see above) together with the 
timing of the grazing season helped explain the two-season pattern of wolf 
depredation in the United States (see Figure 3.4). 

In Alberta, the grazing period varies among years and areas as a result of 
variation in weather conditions. However, as a general pattern, the typical 
grazing period starts in May. In most areas, livestock is not grazed after 
mid-October (Barry Adams, Range Management Specialist, Sustainable 
Resource Development, Government of Alberta, pers. comm.). In a few ar- 
eas, grazing may be continued to December/January. February through 
April is the period when the fewest livestock are grazed (Lodge 1970). 
Thus, also in Canada, grazing practices could help explain the seasonal 
pattern of wolf depredation (see Figure 3.5). 

In both countries, the peak in depredation occurred in August, which is 
the month during which the protein demands for a wolf pack might also 
be at a peak, owing to demand for nurturing pups (Mech 1970). Depreda- 
tion similarly decreased during the winter in both the United States and 
Canada. The widespread practice of supplemental feeding in winter may 
reduce depredation risk because herds are often relocated to pastures clos- 
er to main farm buildings and there is an increased presence of people 
near the pastures. Finally, livestock are concentrated in dense herds for 
supplemental feeding during the winter, thus reducing the vulnerability of 
individuals to attack by predators (i.e., evolutionary advantage of herds; 
Lingle2001). 

Vigilance of ranchers at different times of the year may also influence the 
pattern of depredation. Alberta ranchers have had to deal with wolf depre- 
dation almost continuously (Gunson 1992), whereas U.S. ranchers have 
had a gap of a few generations in dealing with depredation because wolves 
were extirpated (Mech 1970; Fischer 1995; Bangs and Fritts 1996). The 
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low depredation season in Alberta during late winter/early spring coin- 
cides with the beginning of the medium-high depredation season in the 
United States. This difference may be due to better vigilance by Alberta 
ranchers during calving, which typically occurs in pastures close to ranch 
buildings and is closely monitored by the ranchers. 

Possible Solutions 

Regardless of the legal status of wolves, there is a similar need in Canada 
and the United States to develop a range of alternatives for simultaneously 
managing wolf depredation and fostering wolf conservation. Several non- 
lethal and lethal methods have been employed to mitigate conflicts in dif- 
ferent regions of the world. 

Financial compensation is one of the most common methods for miti- 
gating wolf depredation conflicts. Payments are typically administered and 
funded by government authorities and/or private organizations (Mech 
1995, 1998; Treves et al. 2002). Compensation payments can help to re- 
lieve the economic burden of wolf depredation and increase tolerance of 
wolves by rural communities (Wagner et al. 1997; Ciucci and Boitani 
1998; Phillips and Smith 1998). Compensation programs funded by pri- 
vate organizations are less likely to be criticized by taxpayers (Mech 1995, 
1998). However, private funding may not be guaranteed in the long term. 
Compensation may also provide a perverse subsidy in the sense that live- 
stock managers may reduce efforts to protect their stock. Some authors 
suggest that compensation should be coupled with strong policies favoring 
management actions that reduce depredation risk (Cozza et al. 1996; 
Poulle et al. 1997; Ciucci and Boitani 1998). 

Surveillance of livestock herds is the most traditional nonlethal method 
used by ranchers. It is a simple, but labor-intensive technique (Mysterud et 
al. 1996a, 1996b) that can be expensive if the producer employs staff to 
watch over livestock (Bjorge and Gunson 1985; Ciucci and Boitani 1998). 

The use of guardian dogs to protect livestock, particularly sheep, from 
predators is widespread in southern Europe and Asia (Hansen and Smith 
1999; Smith et al. 2000a). In North America, the use of guardian dogs be- 
came more common when poison control of coyotes was banned in the 
1970s (Coppinger and Coppinger 1995, 2001). In spite of additional costs 
in raising and maintaining dogs, their use is now fairly common in the 
United States, and although they are most effective against smaller preda- 
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tors, they Have also been used successfully in disrupting depredation by 
bears and wolves (Smith et al. 2000a). 

Fencing techniques are also used to deter predators such as wolves and 
bears. Electric fences, or combinations of wire mesh and electric fences, 
have proven to be particularly effective (Gipson and Paul 1994). However, 
permanent predator-proof fencing is of limited use when livestock are kept 
in large enclosures, because such fences are costly to build and maintain 
(Smith and Christiansen, in prep.). In addition, permanent fences are gen- 
erally not portable and therefore of little use when livestock are moved from 
one pasture to the other. In western North America, livestock are often kept 
in big pastures or are grazed on open ranges during the spring, summer, 
and fall months (Lodge 1970; Oakleaf et al. 2003), making fencing imprac- 
tical in many instances. However, the use of portable and permanent night 
pens has been successful in stopping chronic depredations in the Nine 
Mile Valley in Montana and the Sawtooth National Recreation Area in 
Idaho, and warrants consideration in favorable situations. 

Capturing and translocating individual wolves involved in depredations 
is another nonlethal option. However, translocation programs are costly 
and labor-intensive, and may require specialized veterinary skills for sedat- 
ing and transporting wolves (Fritts 1982; Fritts et al. 1985; Linnell et al. 
1997). Translocation may cause indirect mortality resulting from domi- 
nance fights with resident wolves residing in release areas. 

Another nonlethal method, sometimes combined with translocation, in- 
volves "training" wolves not to prey on livestock through aversive condi- 
tioning (Fritts et al. 1992; Smith et al. 2000b; Bangs and Shivik 2001). One 
technique is to fit captured wolves with electric shock collars and shock 
them as they approach livestock. These wolves are then translocated back 
into the wild, and those that return to attacking livestock are subsequently 
lethally removed. 

Another aversive conditioning technique is to feed wolves livestock car- 
casses laced with chemicals that will make the wolves sick and hopefully 
keep them from eating that type of meat again (Smith et al. 2000b). The 
major drawbacks of both translocation and aversive conditioning are high 
costs and inconsistent results, often with only short-term effects, if any 
(Scott et al. 1989; Linnell et al. 1996; Smith et al. 2000b). 

Lethal methods involve killing depredating individuals or entire packs 
of wolves (Cluff and Murray 1995; Mech 2001). Lethal control is contro- 
versial and has been criticized as ineffective and inhumane (Struzik 1993; 



Exhibit V-18 



9-CKK Document 7-7 Filed 07/25/2006 Page 19 of 29 



68 



PEOPLE AND PREDATORS 



Haber 1996; Berg 1998). Evidence suggests that lethal control can be ef- 
fective at reducing depredation (Fritts 1982; Tompa 1983; Bjorge and 
Gunson 1985). However, effectiveness of lethal control depends on various 
parameters that are often difficult to manage, including wolf population 
density, size and age structure of packs, and age and social status of wolves 
killed. Implementing lethal control methods, including helicopter gunning 
and exhaustive trapping efforts, can be very expensive and elevate risk to 
human safety. 

Given these uncertainties, there is an urgent need for thorough reevalu- 
ation of lethal control programs and their effects on both depredation by 
wolves and wolf population survival. Lethal control has historically been 
the leading cause of extirpation of wolves in the absence of a conservation 
objective (Mech 1970). Consideration of alternatives to the controversial 
practice of killing depredating wolves will require an improved under- 
standing of factors that influence depredation risk and which are also 
amenable to management (Mech 1995, Musiani et al. 2003). 



Conclusion 

In Canada, the lack of legislation to protect wolves (because of the relative 
stability of wolf populations; Committee on the Status of Endangered 
Wildlife in Canada 2002) provides liberal opportunities for killing wolves 
that cause livestock depredation. Control actions in Canada could nega- 
tively impact recovery efforts in the United States if emigrants or immi- 
grants are killed in Canada (USFWS 2003). In our study area, there is an 
important link between the two countries because wolves move between 
Alberta, Montana, and northern Idaho (Forbes and Boyd 1997). To sup- 
port recovery efforts in the United States, there should be more coopera- 
tion and sharing of knowledge between the two countries to reduce con- 
flicts arising from livestock depredation. 

Our results are encouraging because the number of domestic animals 
killed and injured by wolves is not increasing in proportion to the increase 
in the wolf population, as was initially predicted for the United States 
(Bangs et al. 1998). We evaluated a variety of explanations for these trends 
that might shed light on how the depredation problem could be mitigated. 
Our analysis of the seasonal patterns of wolf depredation suggests the need 
to protect domestic animals at specific vulnerable times of the year (see 
Figures 3.4 and 3.5). However, we must be cautious in predicting future 
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trends. Thus far,*predation in the United States has primarily occurred 
within the original recovery program areas (Bangs et al. 1998; USFWS et 
al. 2003). Geographic expansion of the wolf population could lead to in- 
creased depredation outside of the recovery area, where environmental and 
socioeconomic contexts may be different. 

Future research should focus on determining areas of high depredation 
occurrence, and identifying which factors make such areas differentially 
susceptible to depredation. This knowledge could then be used to assess 
depredation risk at the landscape level and to plan suitable management 
actions in areas at higher risk for livestock depredation. 

Efforts should continue to evaluate objectively the effectiveness of vari- 
ous management approaches in reducing depredation. Lethal control may 
be effective in some circumstances, but it is contentious because large sec- 
tors of the public oppose it, and it may not prevent future depredations if 
wolves recolonize the same area and are exposed to the same conditions 
that led to the initial depredation. In addition to techniques traditionally 
used to protect livestock or to kill wolves, described above, new methods 
should be tested that might reduce the risk of depredation while providing 
for effective wolf conservation. 

For example, our group is testing a management technique called fladry 
(barriers made by surrounding an area with ropes that have 18x2 inch 
flags attached every couple of feet), which is designed to repel wolves (Mu- 
siani and Visalberghi 2001; Musiani et al. 2003; Figure 3.6). During ex- 
periments conducted in captivity, fladry prevented wolves from accessing 
their daily food ration. Fladry also prevented access by wild wolves to bait- 
ed sites, where we attempted to lure wolves to road kills. In Alberta and 
Idaho, we also set fladry around cattle pastures (see Figure 3.6). Wolves ap- 
proached on various occasions, but did not cross fladry, nor were any cattle 
killed. 

In Idaho, wolves avoided the fladry for 63 days but then crossed the 
fladry and killed livestock. It was unclear if the fladry was tangled and 
therefore ineffective at the time the wolves crossed it. However, helicopter 
hazing could not force the wolves back through the fladry even after they 
penetrated the line and killed livestock, which suggests that the wolves still 
strongly avoided the fladry. Meanwhile wolves did kill catde on neighbor- 
ing ranches during the trials, as well as before and after the trials on the 
tested ranches. 

Our results suggested that fladry has potential for protecting livestock 
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FIGURE 3-6 Fladry barrier (flags hanging from a rope stretched above the ground) em- 
ployed to protect livestock from wolves on a Canadian ranch. Photo by M. Musiani. 



from wolves, but that wild wolves can switch to adjacent available livestock 
herds. Thus, fladry may offer a cost-effective tool for reducing livestock 
depredation on a local, short-term basis. However, fladry may be ineffective 
when no alternative food sources are available to wolves — that is, we do not 
advise using fladry on gigantic areas and/or for long periods of time if 
enough wild prey is not available. 

Historically, people quickly eradicated wolves from large portions of the 
study area (Gunson 1992; Fischer 1995). It is possible that continued con- 
flicts with people, particularly livestock depredation, could again result in 
wolf extirpation, at least from certain regions and for short time periods. 
Although the social context and the values assigned to wolves are chang- 
ing, particularly among urban dwellers (Kellert et al. 1996), the study area 
is still characterized by extensive livestock production and a social climate 
that commonly opposes wolf recovery. Wolf survival in rural agricultural ar- 
eas is disproportionately dependent on the actions of human residents 
whose livelihoods depend on the productivity of the landscape they share. 
Conservationists are challenged to work with ranchers and others experi- 
encing depredation to improve methods for mitigating impacts and in- 
creasing tolerance of wolves. 
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PART-2 - 

Coexistence in 
Developed Landscapes 



As we have seen in Part 1 , coexistence between humans and carnivores in 
rural landscapes frequently depends on the extent to which conflicts be- 
tween carnivores and livestock, a critically important rural resource, can be 
avoided or mediated. The chapters in Part 1 demonstrate that research into 
the patterns and causes of predator-livestock interactions, alteration of hus- 
bandry practices, and implementation of proactive measures to keep pred- 
ators away from livestock can help to reduce these conflicts. 

As landscapes become more developed, however, new sets of challenges 
arise. Urbanization, agriculture, timber harvest, and road construction de- 
stroy, alter, and fragment carnivore habitats. Some predator species have 
adapted quite well to developed landscapes, and have expanded their pop- 
ulations in proximity to urban and suburban areas. These "urban carni- 
vores," such as raccoons, coyotes, skunks, and raptors, frequently interact 
with humans. Many of these interactions can be positive for people whose 
opportunities to view wildlife, particularly carnivores, might otherwise be 
limited. However, the potential for conflict exists as well, particularly when 
urban carnivores consume garbage, harass pets, or prey on songbirds or 
other favored wildlife species. Urban areas also present direct negative im- 
pacts on carnivores, including collisions with cars and buildings and in- 
creased opportunities for disease transmission. 

While urbanization has benefited some carnivores, other species have 
proven much more sensitive to development and human presence. Urban- 
ization and agricultural practices that radically alter the landscape have ex- 
cluded many carnivores from large portions of their former ranges. Sprawl, 
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PEOPLE AND PREDATORS 



road building, and other activities threaten to fragment and degrade much 
of what habitat remains. Fragmentation decreases the likelihood of suc- 
cessful dispersal and breeding for carnivores that require large home 
ranges, such as grizzly bears and Florida panthers. Human activity also 
brings nonnative species and opens up niches that allow those species to 
survive, potentially harming native predators through competition, disease 
transmission, or further alteration of habitats. 

The five chapters in Part 2 address human-carnivore coexistence in ur- 
ban landscapes where human influence is more pronounced. Chapters 4 
and 5 discuss predator species that are thriving in urbanized and subur- 
banized landscapes, and the benefits and conflicts that arise — for both hu- 
mans and carnivores. Chapter 6 describes how proper design of trans- 
portation corridors can reduce both the impacts of habitat fragmentation 
and the opportunities for negative interaction between people and preda- 
tors. Chapters 7 and 8 discuss efforts to conserve declining carnivore 
species in the face of significant, ongoing habitat alteration due to human 
activities. 

Chapter 4, "Ecology and Management of Striped Skunks, Raccoons, 
and Coyotes in Urban Landscapes," by Stanley D. Gehrt, examines human 
interactions with species that have adapted successfully to life in urbanized 
habitats. This chapter discusses the urban ecology of these three medium- 
sized carnivore species and the ways they have partitioned niches within a 
1,500 ha forest preserve northwest of Chicago, and examines how these 
ecological characteristics influence the relative propensity of each species 
to come into conflict with humans. 

Chapter 5, "Birds of Prey in Urban Landscapes," by R. William Mannan 
and Clint W. Boal, turns our attention to avian predators and their interac- 
tions with humans. This chapter reviews why some species of raptors uti- 
lize urban landscapes as habitats; describes the benefits and problems that 
humans and raptors pose for one another in urbanized areas; and suggests 
management and education solutions that will help minimize the problems 
and maximize the benefits. 

Chapter 6, "Challenges in Conservation of the Endangered San Joaquin 
Kit Fox," by Howard O. Clark Jr. et al., examines conservation of a rare 
canid in rapidly growing California, where population increase and agri- 
culture have radically altered the landscape upon which the San Joaquin 
kit fox depends. In this instance, the habitat pressures faced by the fox in 
this changing landscape are exacerbated by another anthropogenic impact: 
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the introduction of nonnative red foxes, which can competitively exclude 
the smaller kit fox from what remains of its prime denning and feeding 
habitat. 

Chapter 7, "Carnivore Conservation and Highways: Understanding the 
Relationships, Problems, and Solutions," by Bill Ruediger, identifies the 
impacts of development on species that are more sensitive to human activi- 
ties and developed landscapes. Ruediger discusses how in many parts of 
the country, roads have reduced and fragmented habitats needed by wide- 
ranging carnivores. Roads are also a source of car- wildlife collisions. Both 
problems can be ameliorated with effective wildlife crossings. The chapter 
discusses the ecological, design, and cost considerations that can make the 
difference between a marginal and an effective wildlife crossing. 

Chapter 8, "Living with Fierce Creatures? An Overview and Models of 
Mammalian Carnivore Conservation," by David J. Mattson, ties together 
many of the issues and themes of Parts 1 and 2 and sets the stage for the is- 
sues raised in Part 3. Mattson discusses the human-influenced and biolog- 
ical factors governing carnivore conservation, and presents models based 
on these two categories of causes of endangerment. 

Part 2 thus presents a diverse, but by no means comprehensive, selec- 
tion of the challenges and opportunities faced by carnivores and humans in 
developed landscapes. As demonstrated here, improvements in science 
and technology, education, and commitment to conservation can improve 
the likelihood that humans and carnivores will be able to coexist in these 
landscapes. 
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